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IHTRODUCTION 
Taxonomy is a basic science, on which other sciences, 
in some way or other, are dependent. At the purely practical 
level, bioloeiets must know what organism they are working 
with, before they can pass on informations about them to other 
people. It is the function of taxonomy to identify the parti-
cular organism and to provide nomenclature and classification. 
Cytology, Genetics, Icology, Phyto sociology. Comparative 
anatomy, Palynology, Paleobotany are BOOB of the important 
sciences which are very closely tied up with taxonomy. In any 
of these if the identification of the plant dealing with, is 
doubtful or %nrong then tiie value of the work is greatly reduced 
and in many cases it is just worthless. These sciences are 
not only concerned with the identification but also with 
relationships and classification. The classification of plants 
or any other object seems to be a basic human urge. The 
recognition of the entities in our environment is very essen-
tial for efficient comimnication and for optimal exploitation 
of resources. 
Host taxonomists try to produce natural classifications 
i.e. clftssification based on considerations of as many features 
of the organisms as possible which it is hoped, will reflect 
their evolutionary relationships. This is because classifies/-
tion must provide a sound basis for the biological sciences, 
not only in providing an accurate name but also expressing 
natural relationships. Features used in a classification are 
termed taxonomic characters. All sources of taxonomic evidence 
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are scratinlsod In search of taxonomic characters and among 
the richeut have been the fields of morphology, anatomy, 
cytology and genetics* 
Recently chemical data have been extensively recogziised 
as taxonomic characters and frequently used in establishing 
the natural classification at various levels. Shis branch of 
taxonomy, ii^ ich incorporates the principles and procedures 
involved in the use of chemical evidences for classlfacatory 
purposes, is known as Chemotaxonomy chemical systematies is 
the study of the chemical variatAns in a diversity of organisms 
and of their relationships. 
The principles, procedures and resiilts of investiga-
tions into the chemical variation of plant taxa are iiiainly 
applied for two purposes: first to provide taxonomic charac* 
ters which may improve the existinc plant classification i.e. 
a strict taxonomic purpose and second to add to knowledge of 
phylogeny or evolutionary relationships. Knowledge of phylogeny 
in any group aids gens tic manipulations of species in the {>roup 
for human gain specially when the group incluc'es cultivated 
plants. 
Studies of cmmical v^uriation have l>een suggested to be 
one of the principal erowint; point in the field of taxonomy. 
This study (cheaotaxonomy) should not be considered as a 
replacement of the traditional study of taxonony, but It is a 
lajor source of new characters and informations. All other 
sources of taxonomic evidence still exist and are still 
producing new ideas and facts which Cpnnot be altogather 
ignored. Zt is a fact that Caemotaxonomy will surely make e 
great impact on our ideas of classification and phylogeny, 
Chomotaxononiy is now very important discipline in both 
taxonomic Emd evolutionary studies. Chenical characters have 
provided valuable clues to unsuspected or only half suspected 
evolutionary relationships and in some cases have removed 
problems which remained unsolved for many yeasnei. Chemical 
characters of plants can often be used in a classification as 
the other feuoiliar features such as the leaf arrangement and 
chromoBoae number. The cheuical chiuracters have the advantage 
over morphological characters because these are genetically 
controlled andt they can be very exactly expressed in terms 
of definite structural and confugrational chemical formulae. 
The value of individual chemical constituent varies from 
substance to substance and from group to group. Certain 
substances are so widely distributed in the plants that they 
are of virtually no taxonomic value svich as Glucose. Some 
products are closely connected with ubiquitous metabolic 
processes and are there^ "ore widely distributed for example 
Xanthine, which is an ubiquitous product of nucleoprotein 
metabollsa. Other substances are extremely restricted in 
distribution such as isoflavone iridine known only in the 
Pegoniris section of Iris and free aaino acid lathyrin known 
BO far only in the genus Lathyras. In both Vicia and Latliysus 
it iias been shown that different groups of species are 
characterized by the overall distribution pattern of amino 
acid aa veil as by their morphological cliaracterietica* 
Chemical identification of intraspecific level would 
clearly be a useful tool in the taxonomy of cxiltivars. Accurate 
cultivar identification is essential if materials are to be 
sold to farmers or iiorticiaturlBts and unfortxxnately it is 
all too easy for cultivars to be mixed up in nurseries* and 
during grafting: procedures, there is great difficulty in 
maintaining pure correctly labelled stocks. Chemical tests 
mi^t solve many of the growers problems. The chemical data 
here might well be surer guide to identify than morphological 
features and could be provided cheaply and quickly by govern-
ment agricultural services* 
An exa-nple of the application of chenical methods in 
higher plant taxonomy is provided by work on tea. Tea plants 
are generally classified as Cemellis sinensis. In this species 
it is usual to include the two main kinds of tea, Cldna tea 
and Assam Tea, as subspecies sinensis and assamica respeoftively. 
These two differ in leaf and shoot morphology. Tea plantations 
in India consist of both teas, and of hybrids between t.iem, 
togather forming large intergrading populations. There are 
also suspected hybrids with other less well known species of 
tea. When standard techniques of morphoiogical comparison are 
applied, the recognition and delimitation of taxa of tea are 
frustrated almost completely by past and present hybridisations. 
Wild tea plants may also contribute to the confusion by chance 
hybridization with cultivated forms. Some further form of 
taxonomic evidence is clearly needed. It is essential to have 
the taxonomy of tea as clear as possible because it is an 
important commodity* which has to be defined in terms of type, 
quality and source in the tea market of the world* 
Using peper chromatography, Roberts et, al (1958) 
studied the pheno ic contents of young leafy shoots of tea 
plants and of related * non-tea* species of Camellia, Tney 
found that the tea Caraellias (Camell,ia Section The a) were all 
generally similiar in phenolic contents end shov,ed no cherr.ical 
relationsliip to other Carjellia species which v^re analysed 
China tea with typical dull nicrophyllous leaves contained 
glycosides of quercetin and kaeopferol and depsides. Plants 
of Assam tea entirely unaffected by past hybridization with 
China tea were not available but the purest foinn uced contained 
only the triglycosides# It was aseumed that tLeBe were intro-
duced by hybridization and that typical Assam tea lacked 
triglycosicIeB of thic type. An unidentified x^ henclic called 
'IC* was also present in trace form, A tl.ird kind of tea, with 
a southern diotribution, completely lacked the triglycosides 
but contained large amciints of depsides and »IC*. This 
possibly discrete form of tea which has broad glossy leaves 
like Assam tea but much red pigment, may be related to other 
species of tea e.g. Camellia ta^ienels and C, irrawadiensis. 
Since 'IC* occurred in trace quantities in the Assam tea 
Bamples, it is likely that they contained genes from this 
southern tea, rather than typical China tea. 
So the three confused fonas of tea are easily sexmrable 
on the hasls of phenolic pattern. The findings from this very 
simple and rapid demonstration of chemical variation in a 
complex group are nost helpful, Assam and China teaa are 
recognizably distinct. The southern form is seen to be different 
in phenolic pattern as well as in Lnwrphology of the shoot. 
Perhaps it should be recognised as a third subspecies of 
Camellia sinensis> The southern form of tea, the 'China hybrid* 
teas and two separate tea species (£. taliensis and £, irrawai" 
dienais) fom an •IC» group. 
Processed tea leaf material may also be an^ ilysed by 
these methods, so that the cheralc 1 characters are not only 
taxonomically enlightenint^ but have a practical application 
in the identifieation of tea offered for sale. 
Chemical characters are providing valuable clues regadin< 
the origin and phylogenetic relationships at various taxonomic 
levels. For example, Bate-Smith (1969, 72) emphasized regarding 
the origin of monocote that "the flavonoids patterns found 
in monocotyledons and dicotyledons do not differ in any 
essential respect, nor with one conspicuous exception do those 
of the hydroxy and methoxy aont (phenolic) acids . . . . the 
exception is ellagic acid, which has never so far oeen found 
in the nonocots" the absence of ellagic acid in the tuonocts 
and Its presence in the Nymphaeales (Bate Smith 1968) does 
not support the simileor views of Cronquis t and Takhtajan 
that a dicotyledon group such as the Nymphaeales could have 
given rise to the monocots. 
So the Chomotaxonomy is a field of knowledge, ii^ iich 
go be. ond the limit of the bounderies of several othezrs, 
most notably chemistry, biochemistry and taxonomy, Though 
of long ancestry chemotaxonomy has become the major growth 
area of systematic research mainly because the availability 
of simple rapid and cheap techniques of analysis has coin-
cided with a fesnnent of new thought about the characteristics 
and xmrposes of taxonomy. Time will solve »any of the curreent 
difficulties which taxonomists feel in the use cf biochemical 
data. Characters will be well understood and methods of 
presentation of biochemical data will improve. The area for 
taxonomic research and for phylogenetic enquiry, is so vast 
that a chemotaxonomic *boom* is inevitable. 
The proposed chemotaxonomic work shall be confined to 
Hydrocotyle» Seseli, Oentfnthe, Alangium and a few other related 
genera belonging to the group lunbellales. 
Tlie name Umbelliflorae was used by Eichler and adopted 
by Engler and associates. Bessey in an effort to terminate 
all orders uniformly with the endine - 'ales' adopted Dmbe-
llales and was followed in by Hallier, Hutchinson and Rickety. 
The umbelliflorae are characterized by a tendency of the 
flowere to be in determinate umbels (simple or compound), 
by simplification (by reduction) of floral parts, by 
epigyny and by the carpele reduced to tvro, and each uni-
OTulate* 
The order was treated by Engler and associates to 
contain three famlliest Araliaceae, Umbelllferae and Coma-
ceae. 
This circumscription of the order was followed by 
Handle. It was accepted by Wettstein, who amplified it to 
include the Garryaceae; and whose views were followed by 
Bessey except that the latter included by Garrya and Nyesa 
%d.thin his concept of the Cornaceae. Hallier recocnised 
only 2 families! the Cornaceae and the Umbelllferae (the 
Araliaceae included in the Umbelllferae)• Hutchinson in 
1926*34 placed both Araliace€ie under the single ox^er Umbe-
lliflorae, he suggested that the woody members and the 
herbaceous ones might have had different derivations* In 
1939 and again 1969 he separates the two families into two 
separate orders in different habitat divisions /iraliales 
(Lignosae) and Umbellales (Herabaceae), the Cornaceae inclu-
ded in Cunoniales from which the Aralioles have derived, 
Hickett in 1945 recognised two orders: the Unibellales in 
which he placed the Araliaceae and Umbelllferae and the 
Comales which contained the Cornaceae and Kysseceae. According 
to this view the Alangiaceae would also be placed in the 
Comales, 
Cerceau-Larival (1962) from her study of the corre-
lations between pollen morphology and the type of cotyledons, 
supported by eyidence from adult vegetative morphology, 
inflorescence and fruit, proposes a very original division 
of Umbelliferae into the five subfamilies, Bupleuroideas, 
Endressioideae, Asorelloideae, Eryngioideae, and Apioideae. 
Ouyot (1966) finds that distribution of stomatal types 
confirms this arrangement. 
Cronquist (1968) agrees that "the two fanilies are 
generally admitted to be intimately related, with the Aralia-
ceae being the more primitive" but prefers to keep them 
distinct, as does Takhta^an (1969)» 
Thus although Umbelliferae was among the first fairdlies 
of flowering plants to achieve general recognition, after 
nearly three and a quarter centuries of successive and multi-
national effort, considerable dieagreement still exist as 
to the proper delimitation of the family and even more uncer-
t€dnly prevails as to its natural subdivisions eoid the 
criteria on which they should be erected* It would be of 
cbemotaxonomic interest if the flavonoids of this group are 
thoroughly investigated and it mieht be possible that this 
cbemotaxonomic work on some genera of Umbellalee may help 
in some modifications or improvements of the classification 
and phylogenetic relationships. 
REVIEW OP THE LITERATURE 
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"Botany did not begin with the first book of botany, 
nor with the men that indicted them the Bost 
remote and primitire of botanical writers, of whatever 
country or language, founda more or less extensive vocabulazy 
of elementary botany in the colloquiol speech of all" thus 
remarked Edward Lee Green in his "Landmarks of Botanical 
History" (1909) this remark stands equally valid for Ch«no-
taxonomy. A utilitarian knowledge of the names and uses of 
local plants is a basic feature of all primitive cultures. 
Because of their distinctive cheraietxy, reflected in odour, 
flavour, esculence or toxicity, member of Umbellales were 
familiar prehistorically to many peoples* 
Primitive chemotaxonomy was an applied scicrxe with 
extremely practical adms and benefits. Plants with similar 
medicinal qualities would have been grouped by early botanists 
and the resulting artificial classification togather with 
others based on categories of food plants, would have been 
one of the first ever. 
To trace the history ofchemotaxonomy in general and 
chemotaxonoQy of Umbellales in particular, it is almost 
evident fraa above that people were familiar with this science 
since prehistoric times. She root gathers and the herbalists 
began to group plants for their medicinal properties. In 
17th century this grouping cameto assume a modem look in 
the form "An idea of phytological history propound" (1673) 
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by Hehemlah Grew (1641 - 1712) then in 1699 Jaraea Petiyer 
dietingalskedt on the grounds of their rertue what we call 
Umbelliferae, Labiatae and Cruciferae* 
The next milestone in the history of the chemotaxonomy 
is the "Essal sue les proprietes mediceiles des plantes conix>a-> 
reea ayec leur forsies exterieures at leur classification 
naturelle" by A«P. de Candolle published in 1804. A second 
edition of this appeared in 1816 in wnich De Candolle notes 
that differences in soil do not greatly affect the composition 
of plants growing in them and says that even insects can 
detect difference between Jasmineae and Oleineae, 
In 1830 Lindley studied the hydrocynic acid* He says 
that it is of great taxonomic value and was able to disting-
uish Atoygdaleae from Rosaceae and Pomaceae by their fruit 
being a drupe« their gum yielding bark and by presence of 
hydrocynic acid. He also notes cynogenetic plants may be toxic. 
A treatise on Phytochenistry was published by Rochleder 
in 1847 in the form of "Beitrage Zur Phytochei.de" and in 1854 
"Phytochemeie"* In discussing the ash analysia he says that 
members of Gramineae show much more Bilicic acid than those 
of the Leguminosae and Papaveraceae* Rochleder gives several 
examples of substances which have odd distribution in plants -
Caffeine, chrysophanic acid and indigo which mi^ht be used 
in arguments against correlation of form and composition. He 
quotes in a paper that "the botanist can not work wi hout the 
knowledge of chcmiBtry* the chemist can not work without the 
knowledge of Botany", 
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Helen C* des Abbott (1680) says that there has been 
comparatively little etudy of the chemical principles of 
plants from a purely botanical view* It promisee to become 
a new field of research and according to her the theory of 
evolution in plant life is best illustrated by the chemical 
constituents of plant form. 
Gulliver, (1861<»80) a British botanist and uicroscopist 
made a careful study of raphldes and published long series 
of papers* He found that Balsaininaceae, Onagraceae cmd 
Rubiaoeae are the only rapnides bearer fariilies in British 
dicotyledons. 
Eykman (1888) diGcussed alkoloids and noted their 
frequency in certain families. Baker and Smith (1897) inves-
tigated the essential oils of Eucalyptus and its relatives. 
They soon realized that there is a close connection between 
the chemistry of oils and the taxonomy of plants yielding them. 
Greshoff (1909) published a summary of tests on many 
plants for tannins, saponins, HCN and alkoloids. He defines 
comparative phytochemistry "as the knowledge of the connection 
between the natural relationships of plants and their chemical 
composition", and says that every accxirate description of 
genus or a new species should be accoispanied by a short chemi-
cal description of the plant. 
KcNair, whose twenty six papers appeared during; 1916-
1945, reprinted in 1965, used comparative phytochemistry as 
an aid to plant taxonomy. His papers dealt with the taxonomic 
IS 
usefulness of variations of fats or oil contents of the 
plants. He considers, in a paper published in 1929, more 
than 300 oils, fats and of waxes occuring in 83 farailies, 
in relation to cliioate and taxonomy, fie divides the oils 
into drying, se.aidrying and nondrying and notes other charac-
teristics such as iodine numbers, saponifications values and 
specific gravity. He concludes that in general, plants of 
tropical habitats tend to store fats or nondrying oils of 
higher melting points than the plants of teuperate regions, 
he says that fats and oils of closely related plants are 
closely similar. 
KcNair (1935) published in a paper Angiosperm phylo— 
geny on chemical basi^• He used alkoloids glycerides and 
volatile oils as an aid to plant taxonomy and says that 
"Plants can be classified chonlcally in accordance with the 
substances made by them. Such a chei'^ ical classification may 
be compared with or used as a supplement to norpi ological 
classification and may be of some importance in the develop-
ment of the true natural eyotem of Angiosperm phylogeny". 
He claims that chemical products of more i.ighly evolved plants 
have larger molecules and the iodine number of glycerides is 
higher in the more highly evolved groups. These •facts' ar e 
in accordajice with the view that trees are more primitive 
than herbaceous plants. The Kagnoliaceae and Berberidaceae 
are more prinitive than Ranunculaceae. He (1945) concluded on 
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chomlcal basis that monocotyledons more primitive than dicoty-
ledons and that in later group the sympetalae are the most 
advanced. 
Metcalf (1960) says that email silica bodies ^ rtiich 
occur in many plants are o£ great taxonoisic value. He diseuseed 
family Graiainae in which silica is very prominent in the 
epidermis of the leaf. He distinguishes twenty types of silica 
bodies and says that the silica bodies in the silica cells 
assume very characteristic forms when the grass leaves are 
mature and are of considerable value for dignostic emd taxono-
mic purposes, 
Riley and Bryant (1961) studied the family Iridaceae 
chemotaxonomically* using paper chr<»iatography. They separated 
9 species of 4 genera of Iridcuzeae by different chrtniatogra-
phic patterns of individual species witiiout identifying the 
chemical substances present in it. 
Bate-Siaith (1964-66) studied the phenolic constituents 
in dicots and monocots and their taxonomic sicnificfiince. 
Harbome (1967) studied 55 species representing ten 
of the levelen genera of the family Plumbaginaceae and surveyed 
the flavonolds and other pi.enolic constituents of roots, leaves 
and flowers of this fa-ily. She results reveal a close corre-
lation between chemistry, pollen morphology and taxonomy. 
Jha, Upendra Karayan (1968) published paper on chemo-
taxonomy of Amentlferae. His chemical evidences indicate that 
15 
the Myricaceae 8ee:&s to agxree In more characters with the 
Betlclaceae and the Fagaceae than with the Juglandaceae. The 
chemical evidences support the vi w that the Cannabinaceae 
in a seperate family. 
Crowden et ad (1969) surveyed about 300 tJmbellifer 
species representinc 52 per cent of the genera of the family, 
for their leaf phenolics. The results show that with few 
exceptions, species can be divided into two groups, those 
with flavone (usually Luteolin) and those with flavanol 
(Kaempferol and or quercetin). These groupings are mainly 
of interest at the generic level but are also related to 
tribal divisions and may be of phylogenetic significance in 
the family. 
Glennie (1969) submitted his Ph.D. thesis on "Compaara-
tive phytocheaical study of Caprifoliaceae", The phenolic 
compounds were identified from different genera of this 
family and it was found that primitive flavonole are present 
^^ Vi^^Pn^m and Sarabucus instead of flavones sugcostin^ that 
these two menbers are primitive. 
In the seventies much work have been done in the field 
of chemotaxonomy, on its various aspects. Some of the most 
important ones are mentioned below. 
Karbome (1970) studied distribution and taxonomic 
significance of flavonoids in the leaves of Cypraceae, He 
studied flavonoids in leaves of 62 species from eleven genera 
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of the Cypraceae, abc presence of characteristic leaf flavo-
noidB (glycoflavone, tricin) of the grasses in tMs faiiily 
show that the cypraceae G^d Gramlnae are more closely related 
chemically. 
Dekshini and Singh (1970) utilised the paper chromato-
grpphic technique in identification of certain genera of 
Compositae. Nielsen (1970) studied the coxuaerins of Umbelli-
ferous plants* Moore et al (1970) worked the chemotaxoncffiiyt 
variations azid geographical distribution of the Empeteraceae, 
Harbome (1971) edited the book c heme taxonomy of 
Leguminosae dealing with various aspects of chemotazonomy of 
the family* He also published papers on evolution of flavonoid 
pigments auad flavonol glycoside variation in Foeniculum vulfiarc 
in the same year. Heywood (1971) carried out the chemosyBte-
matic studies on Daucua and allied genera. 
Markham (1972) studied three species of Sophra chemo-
tazonomically and was able to distinguish all the three species 
by their lc€if flavonoids, 
Bate-Smith (1975) studied the chewotaxonomy of Geranium. 
The species of Geranium show a wide-range of flavonoids pattern, 
from one in which all the regular (primitive) constituents 
are present, to one where only quercetin and kaempferol are 
present. Phytochemistry of the Salicaceae was worked out by 
Steele et al (1973) using GLC screening test. Flavonoids from 
Asclepiadaceae were studied by Koejek (1973). 
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In 1974 Tilney and Lubke studied chemotaaconoiay of 
twelve specieB of Loranthaceae which included a method of 
extraction and seperation of phenolic compounds» by using 
paper chromatography the phenolic conpoeition of different 
species of the family were exanined and compared. 
An attempt has been made by Gibbs (1974) in "Chemo-
tazonomy of flowerine plants" by usinti material from the 
literature and f^m his many years of research to assess the 
usefulness of chemotaxonoray at all leyels but more particu-
larly at the order level. The fo\ir volume study serves as 
a valuable reference and a source of ideas for further work. 
Adcock and Beits (1974) made a chemotaxonomlc survey 
of fruits of 22 species from the tribe Laserpitieae family 
Umbelliferae for essential oil components. 
On the basis of gas chromatography in Borgagineceae 
(40 spp - 88 seed samples) Tetenyi (1974) confirmed the 
characteristic presence of f -linotene and octadecatetreane 
acid in the family with the exception of Heliotropioideae. 
A preliminary chromatographic survey of phenolic 
compounds present in the leaves of Newzealand Bpecies of 
Asaliaceae was attempted, by Nancy and Walker (1973). 
Caffini (1976) dealt with the chemotaxonoinic possi-
bilities of gum exudates found upon the fruits of Argentine 
Bromelia sp. The study of the chemical corapooition of each 
exudate provides a new taxonomic alternative for differen-
tiation of the species, confirminE the usefulness of these 
natural products. 
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Twelve members belonging, to Capparidaceae and Cleo-
maceae have been analysed Toy Daniel and Sabnis (1977) for 
flavonoids and phenolic acids. The distribution pattern of 
these ct^ponnds among the mex&bers studied indicate that the 
two families are quite distinct chemically. Therefore, 
Hutchinson's seperatlon of these two families is supported. 
DanKel and SabH^ is (1978) have attempted to adduce 
more chemical evidence for better understanding of the tazo« 
n<my of Gentianaceae. Flavonoids, Xanthones, tannins and 
phenolic acids have been used as markers. This cherdcal work 
on 10 members of the Gentianaceae tend to justify elevation 
of the two subfaciilies to family level, as Gentianaceae 
Senu lato and Menyanthaceae. The work also indicates chemical 
distinctiveness of the tribe Exacineaie which is proposed to 
be raised to a family Bxacaceae. 
FLAN OF WCRZ 
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Cheniotazon<»Bilc investigations are actually the hybrids 
of two branches of research •> the chemical and taxonocical 
researches* Both chemical and taxonomical studies are to be 
throu^ily understood and well planned before a productive 
chemotaxonomic excercise can be undertaken. There is one more 
difficulty in the chemotaxonomic research projects, ^cause 
of the fact that two kinds of work have to be intergrated, 
that the skill and knowledge of the two departni^nts jto required 
in one person* Anyway the proposed work will be carried out 
according to the plan laid down in the followim pages : 
Ideally* fresh plant tissues should be used for phyto-
chemical analysis and the material should be plunged into 
boiling alcohol within minutes of collection. Sometimes, the 
plant under study is not at hand and material may have to be 
supplied by a collector living in smother distant place then 
the fresh picked tissue, stored dry in plastic bag, remains 
in good condition fotr analyois for several days. Alternatively, 
plants may be dried before extraction the drying operation 
should be carried out unc'er controlled conditions to avoid 
too many chemical changes occuring It should be dried as 
quickly, as possible, without using hlch temperatures, in a 
good air draft. Once thoroughly dried, plants can be stored 
before analysis for lon^ ; periods of time, 
!rhe freeing of plant under study from contamination 
with other plants is an important point to watch for at this 
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stage. It is essential to employ plants which are free from 
disease l«e« which are not affected by viral, bacterial or 
fungal Infection* Not only may products of microbial synthesis 
be detected in such plants but also infection may seriously 
alter plant metabolism and unexpected products could be formed. 
Sometimes mixture of plants ray be gathered in error. Two 
closely similar grass species growing sicie by side may be 
incorrectly assumed to be the same, or a plant may be collected 
without the realization that it has a parasite (such as dodder) 
60 precautions must be taken to avoid all these factors during 
the collection* of plant materials* 
In chemotaxonomic studies, the botanical identity of 
plants to be studied, nust be authenticated by an acknowled-
ged author!ty» the identity of the material should either be 
beyond question or it should be possible for the identity to 
be establislied by a taxonomic expert* So, it is now usual 
practice to deposit voucher speoiemen of a ijlant exabdned, 
in a recognised herbarium, so that future reference can be 
made to the plant studied if this becomes necfcssary* 
Extraction 
For extraction of plants, it is desirable to 'kill* 
the plant tissue i.e. prevent enzymatic oxidation or hydro-
lysis occurring, by plungiUe, fresh leaf or flower tisiue, 
siiitably out, into boiling ethanol. Alcohol 1^ a good all 
purpose solvent for preliminary extraction, '^ hey may be 
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macerated In a blendor and filtered, If exhaustlye extraction 
is done* Wben isolating substances from green tissue, the 
success of the extract on with alcohol is directly related 
to the extent chlorophyll is removed into the solvent and 
when the tissue debris, on repeated extraction, is completely 
free of green colotir, it can be assumed that all the low 
molectOar %ralght compounds have been extracted* 
The classical chemical procedure for obtaining organic 
constituents from dried plant tissue is to continuously 
extract powdered material in a Soxhlet apparatus with a range 
of solvents, starting in turn with ether, petroleum, Bensene 
and chloroform and then using alcohol and ethyl acetate* 
The extoact obtained is clarified by filteration and 
then concentrated in Vacuo. There are short cuts in extraction 
procedure which one learns with practice* The usual method 
of extraction is summerised below i 
Fresh plant tissue or dried powder of the plant tissue 
is completely exhausted with hot acetone andthe acetone 
extracts are concentrated first at atmospheric pressure and 
then under reduced pressure* A gummy dark green laass is 
obtained. This is treated successively with light petroleum 
ether (60-60^) and benzene; till the solvent in each case 
is almost coulourlesB to reisove nonflavonoidic and resinous 
matter. The gummy mass is reflexed with ethyl acetate for 
20 hrs* and filtered* The filtrate is evoporated to dryness 
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and residue lo treated with hot water. The insoluble maee 
is dissolved in alcohol and dried under reduced pressure 
to give a dark green residue, %fhich responds to the usual 
colour test for flavonoids, can he subjected to !DLC* 
The water soluble portion is extracted wi"tti ethyl 
acetate untill it gives colour the ethyl acetate eztraAt 
is subjected to paper chromatography for glycosidic portion* 
Ihe separation and purification of the plant consti-
tuents is mainly carried out by using one or the other chro-> 
matographlc techniques* 
Chromatography The term chromatography denotes a 
procedure in which a solution of substaaotces to be sepasrated 
is passed in a direction determined by the arrangement of 
the apparatus* over a more or less finely divided insoluble 
organic or inorganic solid resultinc in retention of the 
individual components to different extents* 
Chromatographic methods can be varied in many ways 
by the use of different adsorbents and solvents, and are 
used for the isolation and purification of various organic 
substances like acids, sugars, amino acids, steroids etc* 
The different type of techniques that can be used are: 
1* Paper chromatography 
2* Thin layer chromatography 
3* Column chromatography 
4* Gas liqtiid chr(»Batography 
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fIiC« GLC and paper chromatography are -the technique a which 
will be usedfor different cheraotaxonomio problems. The 
general outline of the technique of ThC is as followsi 
PREPARATION Of THI' SULPEMSIOH AKB FILLIilG 'tHL SPR1.ABER 
25 gas of silica gel 6 is evenly mixed with 50 ml 
distilled water by Tigorously shaking in a stoppered conical 
flask about 5 to 10 min« Owing to its plaster of paris cententi 
the fairly thin suspension sets within a few minutes* It is 
then immediately transferred to the open spreader* on which 
the desired l£^er thickness has previously been set. 
COATIHG OP THE PL^ES 
When the suspension has been poured into the spreader 
and the slurry can be seen coming out* the process of spreading 
is begun. For l^is it is best to stand by the center of l^e 
tray, hold the spreader with both hands and draw it across 
the plates to the further end plate without applying much 
pressure. To test whether there is any unevennees' where the 
plates adjoin, the spreader can be drawn across them before 
the suspension is added. Vhen the end plates has been reached* 
the lever is again turned to the right, which prevents any 
liquid still remaining in the spreader from running out. 
When the plates have been coated, the cover screw by 
the side of the arrow is undone and the tipping mechanism is 
taken for clearing the parts of the apparatus are thoroughly 
brushed under running water and then rinsed with distilled 
<J4 
water. It le particularly Important not to knock the stirfaceB 
that form the coating slltt there by damaging or scratching 
them. They have to he perfectly smooth. 
Narrow plates can be coated more evenly If they are 
laid lengthwise In the direction of coating. 
TREA!EMENTS OF PLATES AFTER COATIHG 
Drying The plates are left In position until their 
surface has become completely d ^ (about 10 mln.}. It is 
then best to leave them to dry In air overnight. 
Activation The plates are placed in a drying cabinet (but 
not before they are set i.e. when the surface is dry). Time 
and temperature of heating are determined by the required 
activity of layer. Generally the plates are activated at 
120^0 for half an hour. 
Storage Since active plates become deactivated in moist 
air« they are stored over a deslccant in a desiccator of 
30 cm inteimal diameter or in a plate cabinet. If hot plates 
are placed in a desi cator the tap must be left open, so 
this is provided with a short drying tube filled with silica 
gel. The layers must naturally be protected as well as 
possible against laboratory fumes and mechanical damage. 
Testing the Silica gel 6 plates The layers should be 
uniform In appearance by both transmitted and reflected 
light. The surface must smooth with no coarse grains visible. 
*C0 
They must adhere sufficiently well so that they are not 
markedly damaged if rubbed lightly with the finger. To obtain 
a sharp boundry^ about 2Bua of each edge of the layer can be 
wiped off with a spatula or with a thumb and fore-finger* 
ST)0tting The first requirement for a good chrcKQatogran is 
that the siee of the spot should be as small as possible. The 
solution of the sample to be analysed is dropped on the film 
about 15 mm from the edge of tbe film by gently expelling 
the liquid from a capillary. The process of spotting should 
be carried out in a gentle current of air to increase the 
rate of evaporation of the solvent. It is also better to keep 
gently blowing the spot* so to keep the sise of the spot 
minimum. 
ST)0t sige Measurement of the spot area is a simple semi-
quantitative method* since this area related to the amount 
applied. 
In order to measurethe spots« the chromatogrem is 
transferred to transparent graph paper and millimeter squares 
are counted. The weight of a substance ic then plotted against 
area on a calibration curve. Since the absolute areas are 
affected by the thickness and activity of the layer, the most 
accurate results are obtained by running known amounts on the 
same chromatogram and comparing amounts on the same chromato-
gram and comparelative spot areas on this single chrtHsatogram. 
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Heveyert it is generally sufficient to derive mean 
values for each concentration from determinations under 
standardised conditions on several identical treatxient 
plates of equal thickness. 
Templates can also be prepared for each substance 
instead of calibration curves. Holes of stiitable sises are 
cut out of foil or graph paper and the corresponding weights 
of compound are written alone side. For evaluation, the 
template is laid over the developed chromatogram so that 
the area of the hole corresponds as closely as possible that 
of the spot. 
Solvnte In order to obtain reproducible results only very 
pure solvents must be used in chromatography. Biffes^nt 
solvent systems will be fi st tried on microscopic slides 
evenly coated with silica gel. These sli es will be coated 
by dipping technique. The slurry will be prepared in chloro-
form/me thanol (70/30). These plates may used after drying 
over a hot plate from 1-3 minutes. This rapid and simple 
technique does not require the use of applicator, glass 
plates specific dimension or prolonged drying period. Some 
of the solvents that will be used are given in the table I. 
The rate of migration of a compound on a given adsorbent 
depends upon the solvent used, the solvent can be arranged 
in order of eluting power. Mixture of two or more solvents 
of different polarity often gives better results. 
'dl 
All solvents must be dried and piure. Bensene or 
chloroform (containing ethanol) are the best solvents to 
initially for mixture of unknova substances. If the 8Ub»-> 
taaces remain near the baseline when chromatographed, either 
a more strongly elutive solvent is chosen or a more strongly 
elutive component is added to the solvent being used. If 
the substances migrate too rapidly (near the solvent front) 
a more weakly elutive solvent is used. The solvents and their 
increasing elutropic series are given below i 
£luotropic series of solvents 
Increasing 
Eluotropic 
power 
Petroleum ether 
Cycloheacane 
Trichloroethylene 
Toulene 
Bensene 
Chloroform 
Diethyl ether / ethyl aceate / Pyridine 
Acetone 
n - propanol 
Bthanol 
Methanol 
Water 
DevelOTiaent There are many techniques of the development 
of chromatogram. The technique %i^ch is generally used is 
ascenBding technique. In this technique after spotting the 
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chromatoplates are placed in developing chamber containing 
sufficient amount of suitable solvent. The lower edge of the 
film should be dipped in the solvent and the atmosphere in 
the Jar should alao be saturated with solvent vapours. To 
avoid irregularities in migration of the solventt the chro-
matoplates should always be developed against the direction 
of application of the layer and to obtain straight solvent 
fronts, the adsorbent shoiild be scraped off the edges of 
the plates before chromatography, and the chromatoplates 
should not touch the sides of the Jar. 
Time and distance of development 
It is obvious that the time required for development 
will depend on the distance to be travelled by the £ront. 
Generally, the solvent front ascends very rapidly in the 
beginning andthen the rate is slowed down. The optimum 
distance for the i^nt to travel is about 10 cm. There are 
many factors which influence the rate of advancement of 
solvent front such as particle siee of adsorbent, tMckness 
of adsorbent film, the atmosphere in the developing Jar, 
the angle of chromatoplates, and -Uie solvent. 
Spraying There are many compounds which are not 
characterised by the possession of colour, strong adsorbtion 
in U. V or fluorescence. They have to be rendered visible 
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by special detection reagents which are usually applied to 
the la^er by means of a spray. The resultant products thus 
formed often fluoresce or absorb in U.Y light. 
Highly aggressive reagents such as cone, sulfuric acid, 
chromic acidt nitric acid* perchloric acid etc. can be sprayed 
onto inorganic layers and any organic compounds charred by 
finally heating to high temperature. 
Rf Talue (Retention factor) The Rf value of the spots will 
also be calculated. The Kf value is the relation between the 
distance of 'Uie center of the spot from starting point and 
the distance of the solvent £ront from starting point so. 
The difference in the rate of movement of the components are 
caused by their various partition coefficients i.e. their 
different solubility in the mobile and starting phases. 
The Rf value is constant for each conpound only under 
identical experimental conditions. It depends u^ o^n a number 
of factors of which the followixxg may be mentioned. 
— Quality of layer material. 
— Activation grade of the layer. 
—> Layer thickness. 
— Quality of the solvent. 
--> Chamber saturation. 
— Chromatographic teclinlq,ue. 
— Distance of starting point from solvent front. 
—» Presence of Impurities. 
•— Concentration Ox substance applied. 
•» Other substance present. 
IABI£ 1 
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SOIVEHTS PROPORTION A- PLICATION 
Acetic acid 
Acetic acid - BCl -
Water (Forestal solvent) 
Aoyl alcohol i Acetic 
acid W^ ater 
Amyl alcohol» Ammonia 
or methyl amine 
Bensene 
Water 
Butanol 
Water 
* Acetic acidi 
*» Acetic acid -
Butanol» ethanoy Water 
or Ammonia 
Chloroform - Acetic 
acid Water 
Ethanol - Ammonia -
Water 
Ethyl acetate -> Formic 
or Acetic acid, Water 
2 - 60 ^  
30 J 5 » 10 
4 t 1 t 5 
Saturated with 
2 * 6 - 6 N base 
6 I 7 I 3 or 
125 I 72 J 3 
4 » 1 : 50 
(upper layer) or 
homogenous 
mixture e«g« 
( 6 1 1 : 2 ) 
5 t 1 s 2 or 
1 t 1 I 1 
2 J 1 I 1 
35 I 2 » 13 
3 » 1 J 3 or 
10 t 2 » 3 
All types 
Anthocynldines, 
flavoneSf aglycones 
phenolic acids. 
All types 
Phenolic amines* 
Phenolic amino 
acids 
Phenolic acid 
Phenolic amino acids 
All i^pes both 
glycoside and 
aglycones* 
Phenols* acids 
cinnaaic acid 
esters 
Flavonoids* glyco-
sides* Phenolic 
acids. Phenolic 
amines 
Phenolic acids 
Phenols, anthocy-
nins flaTonel, 
glycoside, amino 
phenols 
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SOLVENTS 
yormic acid - Hcl -
Water 
Pet* ether alone or 
mixed with methaziel 
TABLE 1 
PROPORIION 
5 1 2 J 3 
Saturated 
Phenol - Water & dilute Saturated 
acid (0,1 - 2n Acetic or 
Hel) 
Zeopropanol - Water or 
dilute acid (Formic or 
HCl) 
Bensene - Pyridine -
formic acid 
3 J 2 or 
1 I 5 
36 : 9 t 5 
APPLICATION 
Anthocynins, 
flavonea 
Anthraqtdnones 
PlavonoidB, Antho-
cynina Phenolic 
amines 
Ilaoy flavonoids 
and anthocynine 
Toulene ethyl formate 
formic acid 
Bensene t Diozane i 
Acetic acid 
3ensene t Methaiu>l t 
Acetic acid 
Bensene t Methanol 
5 t 4 » 1 
9 t 25 I 4 
45 t 8 s 4 
95 t 5 
Phenols 
'62 
SABLE L 
PROPERglES OF THE DIFg£Ri:NI gLAVONOID CLASSES 
chARAC*feRlS2!ie 
PROPERTIES 
PLAVONOID CLASS mSfRIBtmON 
Anthocynlns 
LeucoanthocyanidinB 
FlayonolB 
Flarones 
Glycoflavones 
Chalcones and 
Aurones 
PlaTonones 
IsoflaYones 
Scarlett red, mauya 
and blue flower pig-
ments, also in leaf 
and other tissuea 
Mainly coloxirlesst 
in heart wooda and 
in leaves of woody 
plant 
Mainly colourless 
co-plgmentB in both 
cyanic and acyanic 
flowers! widespread 
in leares 
As flaTonols 
As flavonols 
Yellow flower pig-
ments, occasionally 
Present in other 
issues 
Colourless, in leaf 
and fruit (especia-
lly in Citrusj 
Colourless* often 
in root, only coimon 
in one family, the 
Leguminosae 
Water soluble, risible 
max. 31^ to 343 zm, 
mobile in BAW on paper 
Yield anthocynidins 
(colour extractable 
into Amyl Alcohol when 
tissue is heated for 
0.3 hrs in 2 
After acid hydrolysis 
bright yellow spots in 
UY light on Forestal 
chromatograms, spectral 
max. 330 to 386 nm. 
After acid hydrolysis 
dull absorbing brown 
spots on Forestal chro-
matograms, spec teal max 
330 to 350 nm. 
Contain C-C linked 
sugar, mobile in water 
unlike normal flayones 
Give red colour in 
Ammonia (coloiur change 
can be observed in 
Situ, visible max. 370 
to 410 nm. 
Give intense red coloux 
with Mg/Hcl, occGusio-
nally an intense bittei 
taste 
Mobile on paper in 
water, no specific 
colour tests availa-
ble. 
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])«t»ctlon of Phenolic compcmndB Phenolic cOTipoxinds consist 
of a vdde ran^e of plant substances possessing in com^ .on an 
aromatic ring having one or more hydroocyl substituents. They 
are soluble in water as they most frequently occtor combined 
with sugars as glycosides and they are usually located in 
the cell vacuole. Over a thousand stroctures are known of 
natural phenolic compounds, among which the flavonoids form 
the largest group* 
Phenols are very susceptible to enzymic oxidation 
and phenolic material may be lost during isolation procedures, 
due to the action of specific *phenolase' ensymes present 
in all plants* Extraction of phenols from plants with boiling 
alcohol normally prevents enzymic oxidation occurring and 
this procedure will be adopted routinely. 
The classic procedure for detecting simple phenols 
is by means of the intense green, purple, blue or black 
colours many of them give in solution when 1% aqueous or 
alcoholic ferric chloride is added* However, the majority 
of phenolic compounds (and especially the flavonoids) can 
be detected on chromatograms by their colour or fluorescences 
in U*7 light, the colours being intensified or changed by 
fuming the papers with Aumionia vapour* The phenolic pigments 
are visibly coloured and they are thuis particularly easily 
monitored during their isolation and purification. 
The best method however of separating and identi-
fying simple 'phenolic* is by TLC* They are normally detected 
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attex acid or alkaline hydrolysis of plant tissue (fresh 
or dried) or of a concentrated aqueous - alcoholic plant 
extract* Acid hydrolysis is carried out with 2» HCl for 
0*3 hrs, the resultant solution being cooled and filtered 
before extraction. Alkaline hydrolysis is carried out with 
2^ Naofi at roon temperature under either case, the phenols 
are taken into ether and 'Oie ether extract washed, dried 
and evaporated to dryness. The residue, dissolved in ether, 
is then chroaatographed two dimensionally on silica gel 
in acetic acid - chlorofoxn and ethylacetate • bensene 
and separately on cellulose MH 300 in benzene - methanol-
acetic acid and aqueous acetic acid* 
Phenol absorbs in the short UV, and can be detected 
in light of wavelength 235 nm as dark absorbing spots on 
plates spread with silica gel containing fluorescent indi-
cator* It is however, usually preferable to detect them by 
means of a more specific reagent the beet of which ie that 
of Folin-ciocalteu* With this reagent (which ie available 
commercially as a spray solution, with catechol or hydro-
quinone nuclei appear as blue spots immediately after 
spraying, other phenols show up as blue to i:;rey spots when 
the plate is fumed with ammonia vapour* Two other reagents 
are also useful* Vanillin - Hcl (1g vanillin in 10 ml cone. 
Hcl) and vanillin - HgSOj (10?^  vanillin in EtoH-conc* HgSO^, 
2t1) give a range of pink colours with resorcinol ancl 
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phloroglucinol derlvatlyea, Gibbs reagent (2^ 2, 6 - dichlo-
roquinone » cblorolmide In chloroform) followed by fuming 
the plate with 2^ ^ NH^OH gives a variety of colours with 
different phenols* It can be used to distinguish vanillic 
(pink colour) from isovanillic blue colour), isomess which 
have rather similar R^ values* 
Confirmation of a phenolic identification is readily 
achieved by UY spectral comparisons in alcoholic and alkaline 
solutions* If there is sufficiont material, further confir-
mation can be done by QLC and IE measurements* 
Authentic markers are readily obtainable ccMnmeixially* 
Paper chromatography Paper chromatography has been much 
employed for phenol separations, but has the disadvantage 
that in many of the best solvents (e*g* butanol - acetic 
acid <» V/ater) simple phenols tend to cluster together near 
the front* The solvent systems that %dll be used are benzene -
acetic acid - Water (6 t 7 i 3) and sodium formate - formic 
acid - Water (10 t 1 t 200)* The benzene solvent must be 
used fresh, since there is streaking if the solvent mixture 
is allowed to equilibrate* This solvent is useful for one 
dimensional separation of • isomeric phenolic acids* 
The main emphasis, however will be given to the flavo-
noids of some genera of Umbellales* 
o o 
As tb« flaTonoids are mainly water soluble compounds 
they will be extracted with 70^ ethanol and remain in the 
aqueous le^er» following partition of this extract with 
Pet* ether* 
HaTonoids are generally present in plants botmd to 
sugar as glycosides and any one flavonoids aglycone may 
occur in a single plant in several glycosidic combinations. 
For this reason* when analysing flavonoids, it is usually 
better to exaoine the aglycones present in hydrolysed plant 
extracts before considering the complexity of £p.ycosides that 
may be present in the original extract. 
The classification of flavonoid type in a plant tissue 
is based initially on a study of solubility properties and 
colour reactions. This is followed by a one dimensSonal 
chromatographic examination of hydrolysed plant extract and 
two dimensional chromatography of a direct alcoholic extract. 
Unally, the flavonoids esn be separated by chromatographic 
procedures and the individual component by chromatographic 
and spectral comparison with known markers* 
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COIOR PROPERTIES OP FLAYOHOIDS IN VISIBLE 
mmmmrim 
Visible t Color in UV light Alone 9 With ammonnr Indication 
Orange 
red 
mauve 
Bright 
yellow 
Very pale 
None 
dull orange, 
red or nauve 
fluorescent 
yellow eeriee 
or pink 
dark brown or 
or black 
dark yellow 
or yellow-
green 
dark brown 
dark mauTO 
faint blue 
dark mauve 
^ Aac No. 
''s^ > 
blue 
blue 
dark brown 
or black 
Anthocynidlne 3* 
glycoaideo 
most aathocynidine 
3» 5-di^ycoBide8 
6-hydroxylated 
flavonols and 
flavonea; Some 
chaloone glyco-
sides 
dark red or most chalcones 
bri^t orange 
bright orange 
or red 
bri^t yellow 
or yellow 
brown 
vivid yellow 
green 
dark broim 
faint brovn 
intense blue 
pale yellow 
or yellow 
green 
aurones 
most flavonol 
gp.3''cosideB 
most flavone 
glycosides 
biflavonyls and 
unusually subs* 
tituted flavones 
most isoflavone 
and flavanonols 
5-desoatyiso fla-
vones and 7» 8-
dihydroaqr-flavaF-
nones 
flavanones and 
flavanonol 
7-glycoBide8 
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Dgt»ctlon of Havonolde AiOycones in 
Hytoolyaed plant extract t 
(1) A small amount of plant tissues (usually leaf or 
flower) is iranersed in 2^ Hcl and heated in a test 
tube for 3(W0 mia* at lOO^c, 
(2) The cooled exiaraet is then filtered if necessary 
and extracted with ethylacetate. 
(3) If the solution is colored (either hecause the 
original tissue was coloured with anthocynin or 
because colour has foxmed from leucoanthocynidine 
during acid treatment* Then the aqueous extract is 
farther heated to remove the last traces of ethylea^* 
estate and reextracted with a small volume of amyl 
alcohol* 
(4) The ethyl acetate extract is concentrated to dryness» 
taken up in 1-2 drops of ethanol* and aliquots chro-> 
matographed one dimensionally alongside with authentic 
markers in five solvents» Forestal (acetic acid -» 
cone* Hcl - water 10i3i30) 50si HAOC (505^  aqueous 
acetic acid) BAW (n Butanol, acetic acid - %irater 
4)1t5 top layer) PhOH (Phenol saturated water) and 
water* 
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T^xamlnatlon of flavonold in Alcoholic Plant extract 
Alcoholic ezl^acta for flavonoids will be done by 
two dimensional paper chrooatography using solvent system 
BAW and 5% acetic acid. The standard marker that will be 
used is the flavonol glueoside rutin. It occupies a position 
almost in the middle of the chromatogram. 
OAS LIQUID CHROMATOGRAPHY The chemotaxonomic problems 
that will not be solved by TLC alone 6LC will be used. In 
QLC the adsorbent liquid on an invert material serves as 
stationary phase while gas serves as mobile phase and the 
substances that are separated are in the form of vapours. 
In gas chrcaaatography a mixture of vapours is resolved 
Into its components as it is carried in a stream of gas 
through a column filled with either an adsorbent or an inert 
material coated with a liquid stationary phase. 
A gas liquid chromatography is esoentially a piece 
of long narrow (i" Id) glass* copper or stainlesB tubing 
filled with stationary phase carrier gas under constant 
pressure passes through the column, carrying aloitg the infec-
ted vax>ours. As the separated components leaves tlxe column, 
they are caanried through a detecting device and thence are 
vented into the atmosphere or passed into collecting vessles. 
The idiole unit is maintained at a desired operating tempered 
ture by use of heaters or Vapor Jackets. 
l^O 
Besides the above t%fO teclmiques which are described 
abOTe there are some very simple and quick tests which were 
used by Gibbs. These * tests* can also be applied to maiiy 
chemotaxonomic problems. These tests can detect the presence 
or absence of certain groups of compounds in a number of 
families genus and even to some species. 
The presence or absence of Polyphenolases in plants 
can be detected by cigarette test as well as hot water test* 
The Hcl/Methanol test can be used to confirm the 
presence or absence of Leucoaathocynins, Hcl/Methanol test 
is mostly used on the woody species andit has become clear 
that some families are consistently positive to the test 
while others are always negative. 
The HON test can be used to detect the cynogenic 
glycosides. If a cynogenic glycoside containing plant is 
hydrolysed it gives free HCH which may be detected by HCN 
test* 
The presence or absence of Juglones a napthoquinone 
in the family Juglandacee^ can be very successfully detected 
by Juglone test A. In the same way the flavonoid content in 
the family Juglandaceae can be detected by the Juglone test B 
and the presence of aesculin or similar ooimarine in the 
family Juglandaceae can be indicated by Juglone test c. 
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Accordiog to Bate~Smlth« Leucoanl^ocynln test A, can 
detect the presence or absence of aucbin type glycosides 
In plants can also be indicated* 
Tttxsnann (1931) noticed that presence or absence of 
syringin (a glycoside) can be detected by syringin test A. 
Ehrlich test can indicate the presence or absence of 
auecubin or similar substances* 
The presence or absence of aurones in many families 
can be detected by the aurone test A (NH3)» 
The Kaale test can be need to detect the presence or 
absence of syringaldehyde* 
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